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(54) TORQUE TRANSMITTING MEMBER IN AUTOMOTIVE TRANSMISSION, METHOD FOR 
FORMING SPUNE TEETH, AND APPARATUS FOR FORMING THE SAME 


(57) A method for forming spline teeth (12) on the 
outer periphery of a cylindrical part (5) of a work having 
the boss (5) integrally formed at the center of a metallic 
disk plate (3a), which comprises disposing the work so 
that the boss (5) fits with a boss guiding mandrel (16) 
arranged at the center of a cylindrical die (14) on which 
the teeth (12) for ironing spline teeth are formed, press- 
ing the disk plate (3a) with a punch, fitting the boss (5) 
into a gap between the die (14) and the mandrel (16). 
and forming spline teeth (5a) on the external periphery 
of the boss (5) by ironing. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a method and s 
the equipment for forming spline teeth on the outer cir- 
cumference of a cylindrical boss integrally formed at 
and protruding from a disk plate. 

BACKGROUND ART 

[0002] FIG. 8 shows a prior art carrier plate assembly 
used for an automatic transmission for an automobile. In 
the same drawing, a carrier plate assembly 1 consists of 
a ring-like base plate 2 and a carrier plate 3 integrally 
formed on the base plate 2 by welding. 
[0003] The carrier plate 3 is a press-formed body, in 
which wall portions 4 connected to the base plate 2 are 
formed to collapse at three points around its circumfer- 
ence, and a boss portion 5 is formed to stand upright at 
the center thereof. 

[0004] In addition, three planetary gears 6 are sup- 
ported, by bearings, between the surrounding portion of 
the carrier plate 3 between the respective wall portions 
4 and the base 2, and the inside and outside of the 
respective planetary gears 6 are engaged with the sun 
gear and internal gears which are not illustrated herein. 
[0005] Also, since the boss portion 5 is connected to 
the axial end of an output shaft 7, spline teeth 5a which 
are engaged with inner spline grooves 7a on the inner 
circumference of an engaging hole of the output shaft 7 
are formed on the outer circumferential surface. 
[0006] A cutting and machining method illustrated in 
FIG. 9 has been utilized in prior arts as a method for 
forming the spline teeth 5a. 

[0007] First, in the initial process, as shown in (a), a 
press-worked part is produced, in which wall portions 4 
are press-formed at three points on the circumference, 
and a boss portion 5 is press-formed at its center posi- 
tion. As shown in (b), a tapered part 5b and a grooved 
part 5c are produced thereon by tapering the tip end 
thereof and grooving the root thereof by cutting. After 
that, a cutter of a shaving machine is caused to recipro- 
cate in the axial direction of the boss portion 5 whenever 
the carrier plate 3 stops while intermittently rotating the 
carrier plate 3 at an appointed degree of angle, 
whereby, as shown in (c), spline teeth 5a are formed. 
[0008] However, there exist the following problems 
and shortcomings in the prior art spline teeth forming 
method described above. so 
[0009] First, since there are a number of processing 
steps in order to form spline teeth by cutting, production 
costs are expensive, wherein different processes con- 
sisting of a press-working process and a cutting process 
are indispensable. Therefore, automatic continuous 55 
production could not be carried out. 
[001 0] Further, a grooving process is requisite at the 
root part of the boss portion in order to secure relief for 


a cutter which produces spline teeth, whereby the root 
of the boss portion 5 of the carrier plate is unavoidably 
made thin. Stress is likely to be concentrated at this part 
when transmitting torque, whereby the structure is una- 
voidably made brittle. 

[001 1 ] Still further, since the abovementioned machin- 
ing is to shave surfaces, surfaces machined and hard- 
ened by press-working, which is a pre-process of 
shaving the surfaces, and a material flow are discontin- 
ued. Therefore, the hardness of a part which was 
shaved is made low, and the surface strength of the car- 
rier plate boss portion is lowered, whereby such a short- 
coming is produced by which a finished part is likely to 
be easily worn. 

[001 2] The invention was developed in order to solve 
the abovementioned problems and shortcomings, and it 
is therefore an object of the invention to provide a torque 
transmitting member for an automobile, which has a 
high surface hardness and spline teeth, a method for 
forming spline teeth, and equipment for forming spline 
teeth, in which the same method is utilized. 

DISCLOSURE OF INVENTION 

[0013] In order to achieve the above object, a torque 
transmitting member for an automobile according to 
Claim 1 is a torque transmitting member in an automo- 
bile transmission, having a cylindrical boss integrally 
formed at the center of a metallic disk plate and having 
spline teeth formed on the outer circumference of said 
boss, wherein the spline teeth are formed so that their 
outer-layered portion is drawn from the tip end side of 
said boss in the axial direction. For example, the torque 
transmitting member is applicable to a carrier plate for 
automatic transmissions, in which wall portions welded 
to and fixed at a base plate are provided at a plurality of 
points in the circumferential direction. 
[0014] The spline teeth formed on the outer circumfer- 
ence of the boss are drawn in the axial direction from 
the tip end side of the boss to the root side thereof when 
forming the spline teeth, and the material is caused to 
flow in the axial direction due to a drawing process. 
However, as shown in FIG. 6(a), the texture in the cross 
section thereof becomes such that a plurality of layers 
continued in the circumferential direction are laminated, 
and the surface hardness thereof is harder than prior art 
teeth (refer to FIG. 6(b)) in which a plurality of layers 
continued in the circumferential direction are separated 
from each other. Also, the drawn material is accumu- 
lated at the root portion of the boss, whereby the hard- 
ness at the root portion of the boss becomes a 
maximum, and a sufficient thickness can be secured at 
the root portion of the boss. 

[0015] Further, a method for forming spline teeth 
according to Claim 3 is constructed as a method for 
forming spline teeth on the outer circumferential surface 
of a boss of a workpiece on which a cylindrical boss is 
integrally formed at the center of a metallic disk plate, 
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wherein with respect to a cylindrical die on which teeth 
for drawing and forming spline teeth are formed, and a 
boss guide mandrel disposed at the center of said die, a 
disk plate for a workpiece, in which the boss is disposed 
so as to be fitted into the mandrel is pressed by a punch, 5 
the boss is fitted in a clearance between the die and the 
mandrel, and spline teeth are drawn and formed on the 
outer circumferential surface of the boss. The outer 
layer portion of the boss is drawn in the axial direction 
by forcing a boss of a workpiece to be pressed in a diet, 70 
and teeth are formed while flowing the material toward 
the root portion side of the boss. That is, a one-shot 
operation of a punch completes formation of the spline 
teeth. 

[001 6] In addition, equipment for forming spline teeth 75 
according to Claim 4 is provided with a cylindrical die on 
which teeth for drawing and forming spline teeth are 
formed; a boss guide mandrel, which is disposed and 
fixed at the center of said boss; and a punch which is 
elevated along said mandrel and causes a boss so 
engaged in said mandrel to be inserted into a clearance 
between said die and said mandrel, wherein the man- 
drel functions as an initial positioning member of a work- 
piece, and at the same time, functions as a guide for 
pressing the boss into a die and operates as a forming 25 
surface inside the boss. 

BRIEF DESCRIPTION OF DRAWINGS 

[0017] 30 

FIG. 1 is a cross-sectional view showing the entire 
structure of one preferred embodiment of spline 
teeth forming equipment to which the present 
invention is applied; 

FIG. 2 is an enlarged cross-sectional view of part A 
in FIG. 1; 

FIG. 3(a) is a perspective view of a blank before 
press-working; FIG. 3(b) is a perspective view 
showing a press-worked carrier plate; FIG. 3(c) is a 
cross-sectional view of the same carrier plate; FIG. 
3(d) is a perspective view of a carrier plate on which 
spline teeth are formed; and FIG. 3(e) is a cross- 
sectional view of the same carrier plate. 
FIG. 4 is an enlarged perspective view around the 
root of the boss portion; 

FIG. 5 is an exemplary view showing the results of 
comparison in hardness between a machined por- 
tion and a workpiece; 

FIG. 6(a) is an exemplary view showing a material 
flow in the circumferential direction of the boss por- 
tion according to the invention; and FIG. 6(b) is an 
exemplary view showing a material flow in the cir- 
cumferential direction of the boss portion according 
to a prior art cutting; 

FIG. 7 is a partial disassembled and perspective 
view of a part of an automobile transmission includ- 
ing a carrier plate to which the invention is applica- 


ble; 

FIG. 8 is a partial disassembled and perspective 
view of an automobile transmission including a prior 
art carrier plate; and 

FIG. 9 is a view showing a cutting method of spline 
teeth according to prior arts. 

PREFFERED EMBODIMENTS OF THE INVENTION 

[0018] Hereinafter, a description is given of a pre- 
ferred embodiment of the invention with reference to the 
accompanying drawings. In addition, parts which are 
identical to those in the prior art technology are given 
the same reference numbers while different parts are 
given different reference numbers. 
[0019] FIG. 1 is a view showing the entire structure of 
spline teeth forming equipment to which the invention is 
applied, FIG. 2 shows the major parts of the structure by 
using a perspective view and cross-sectional view, and 
FIG. 3(a) through (e) show changes in the shape of a 
carrier plate which is a workpiece in respective press 
processes by using perspective views and cross-sec- 
tional views. 

[0020] First, in FIG. 3(a), a metallic blank 3* which is 
blank-cut to a developed view of a carrier plate 3 is pro- 
vided with wall portions 4 formed so as to drop and a 
cylindrical boss 5 formed to be erect as shown in FIG. 
3(b) and (c) via various kinds of press-working process 
thereafter. The boss portion 5 is caused to protrude 
from the front side at the center portion of a plate-like 
disk plate 3a, wherein the wall portions 4 are caused to 
protrude downward at the rear side of the circumferen- 
tial edge of the disk plate 3a. 

[0021 ] Thereafter, the carrier plate 3 are set at forming 
equipment 10 shown in FIG. 1 and FIG. 2. Also, in FIG. 
1 and FIG. 2, the left side of the drawing paper shows a 
state before forming, and the right side thereof shows a 
state after forming. 

[0022] Main parts of the forming equipment 1 0 is pro- 
vided with a cylindrical die 14 on which teeth 12 for 
forming spline teeth are formed around its inner circum- 
ferential portion, a mandrel 16 disposed and fixed con- 
centrically on the inner circumferential portion of the die 
14, whose tip end is caused to protrude onto the upper 
part of the die 14, and a punch 18 for pressing a carrier 
plate 3, which is a workpiece on the upper part of the die 
14, down to the inside of the die 14. 
[0023] The inner diameter of the die 14, that is, the 
diameter between the teeth bottom of teeth 12 is equal 
to or slightly smaller than the outer diameter of the boss 
portion 5, and the height of the teeth 12 is set to a 
dimension within the thickness of the boss portion 5. 
[0024] Further, the tip end of the punch 18 is formed 
to be inner cylindrical so as to be idly fitted to the man- 
drel 16. Also, the outer diameter of the mandrel 16 is 
equal to the inner diameter of the boss portion 5. The 
boss portion 5 is fitted into the upper protruding end, 
and the tip end of the boss portion 5 is opposed to the 
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tip end of the die 14, whereby a forming preparation of 
spline teeth is then completed. 
[0025] From this state, the punch 1 8 is caused to drop 
and is brought into contact with the rear side of the boss 
portion 5, and by pressing the punch 18 down, the boss 
portion 5 is fitted into the clearance between the man- 
drel 16 and the die 14, whereby spline teeth 5a are 
formed on the outer circumference of the boss portion 5. 
That is, when the boss portion 5 is caused to drop along 
the mandrel 16, the outer layer portion of the boss por- 
tion 5 is drawn by the teeth 12 in the axial direction to 
form spline teeth 5a. At this time, the boss portion 5 is 
elongated in the axial direction due to a material flow, 
wherein the initial height H1 before machining as shown 
in FIG. 3(a) and (c) becomes a higher value H2 than the 
initial height after the machining as shown in FIG. (d) 
and (e). However, the inner diameter thereof still 
remains unchanged at the initial diameter by the man- 
drel 16. The thickness t2 after drawing and forming the 
boss portion 5 is equal to or slightly smaller than the 
thickness t1 before forming. 

[0026] Further, the direction of flowing of the material 
resulting from a drawing and forming process is a direc- 
tion from the tip end of the boss portion 5 toward the 
root side of the boss portion 5, and the reinforcement is 
concentrated here. However, the boss portion 5 extends 
in the axial direction, and the boss portion 5 from the tip 
end to the root becomes uniform in thickness. 
[0027] In particular, as shown in FIG. 4, the drawn 
material forms minute build-up portions 5d, being semi- 
circular in the plan view, which has a high hardness, on 
the outer circumferential surface at a position between a 
ridge and a ridge of the spline teeth 5a at the root of the 
boss portion 5. 

[0028] Still further, after forming, the punch 18 is ele- 
vated. Subsequently, as shown in the right half of FIG. 

2, a knock-out 20 is elevated to cause the carrier plate 

3, on which spline teeth 5a are formed, to be thrust up 
and separated from the mandrel 16. Herein, one form- 
ing cycle is completed. 

[0029] Thereafter, an opening, etc., which pivotally 
supports a planetary gear 6, is formed, and appointed 
gears are assembled to be integrated altogether, 
wherein by welding them to the base plate 2, a carrier 
plate assembly 1 A shown in FIG. 7 is obtained. 
[0030] FIG. 5 shows hardness (Vickers hardness) at 
respective points on the section cut off in the longitudi- 
nal direction at ridge portions of teeth of the boss por- 
tion 5 obtained by the abovementioned forming 
process. The hardness in the drawing shows the hard- 
ness at a depth of 0.05cm from the respective surfaces 
and the hardness at the center of the thickness. The 
hardness on the drawing surface, that is, at the spline 
teeth portion 5a of the boss portion is generally higher 
than the hardness at non-machined or non-drawn por- 
tions, and the hardness at the outside of the root portion 
of the boss portion 5 shows the maximum value. An 
increase in strength can be confirmed. 


[0031 ] Further. FIG. 6 exemplarily shows a flow mate- 
rial in the circumferential direction of the boss portion in 
a machined state. A cross section of the boss portion 
according to a method of the invention shows a flow of 

5 a material compressed toward the center of the diame- 
ter as shown in FIG. 6(a). However, as shown in FIG. 
6(b), in the prior art cutting, teeth are formed in the form 
of separating the material flow. As the result of a com- 
parison, it can be found that the hardness of the teeth 

w can be increased by the method according to the inven- 
tion. 

[0032] Also, in the above preferred embodiment, a 
description was given of the case where spline teeth are 
formed on the outer circumference of the boss portion of 
is a carrier plate. However, the invention is widely applica- 
ble to other torque transmitting members, for constitut- 
ing an automobile transmission, in which spline grooves 
are formed on the outer circumference of the cylindrical 
boss portion integrally formed at a disk plate. 

20 

INDUSTRIAL APPLICABILITY 

[0033] As has been made clear on the basis of the 
above description, with a torque transmitting member in 

25 an automobile transmission according to the invention, 
the surface hardness of spline teeth on the outer cir- 
cumferential surface of the boss portion is harder than 
the hardness of non-machined surfaces, and the hard- 
ness becomes maximum at the root side of the boss 

30 portion. In addition, since the thickness of the root of the 
boss portion can be sufficiently secured, the strength of 
the boss portion is high in comparison with the prior 
arts, whereby it is possible to prevent, in advance, such 
problems as breakage at the tooth portion. 

35 [0034] Furthermore, with a method according to a 
spline teeth forming method of the invention, the boss 
portion is drawn in the axial direction after it is inserted 
into a clearance between a die and a mandrel, and teeth 
can be drawn and formed while the surface material of 

40 the boss portion is caused to flow. Therefore, since 
spline teeth can be completed by only a one-shot 
punching operation, the machining process can be 
completed with only one process in comparison with 
prior art cutting, and continuous forming can be carried 

45 out by a thorough press-working process from coil 
materials. The machining cost can be remarkably 
decreased. 

[0035] Further, with spline teeth forming equipment 
according to the invention, since initial position of work- 
so pieces can be secured by a mandrel, there are other 
advantages such as. for example, high machining accu- 
racy, etc. 

Claims 

55 

1. A torque transmitting member in an automobile 
transmission, having a cylindrical boss integrally 
formed at the center of a metallic disk plate so as to 
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protrude therefrom and having spline teeth formed 
on the outer circumference of said boss, wherein 
said spline teeth are formed so that their outer-lay- 
ered portion is drawn from the tip end side of said 
boss in the axial direction. 5 

2. A torque transmitting member in an automobile 
transmission, as set forth in Claim 1, wherein said 
torque transmitting member is a carrier plate for 
automatic transmission, in which its wall portions 10 
welded to and fixed at a base plate are provided at 

a plurality of points in the circumferential direction. 

3. A method for forming spline teeth on the outer cir- 
cumferential surface of a boss of a workpiece on 15 
which a cylindrical boss is integrally formed at the 
center of a metallic disk plate so as to protrude 
therefrom, wherein with respect to a cylindrical die 

on which teeth for drawing and forming spline teeth 
are formed, and a boss guide mandrel disposed at 20 
the center of said die, a disk plate for a workpiece, 
in which the boss is disposed so as to be fitted into 
the mandrel is pressed by a punch, the boss is fitted 
in a clearance between the die and the mandrel, 
and spline teeth are drawn and formed on the outer 25 
circumferential surface of the boss. 

4. Equipment for forming spline teeth comprising: a 
cylindrical die on which teeth for drawing and form- 
ing spline teeth are formed; a boss guide mandrel, 30 
which is disposed and fixed at the center of said 
boss; and a punch which is elevated along said 
mandrel and causes a boss engaged in said man- 
drel to be inserted into a clearance between said 

die and said mandrel. 35 
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